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ELECTRO-OPTIC DEVICE, DRIVING
METHOD FOR ELECTRO-OPTIC DEVICE
AND ELECTRONIC DEVICE

BACKGROUND

1. Technical Field

The present invention relates to a technology field for an
clectro-optic device, such as a liquid crystal device, a
driving method for an electro-optic device, and an electronic
device, such as a liquid crystal projector, which 1s configured
to iclude the electro-optic device.

2. Related Art

There has been proposed a three-dimensional viewing
method employing a frame sequential method which allows
a right-eye 1mage and a left-eye 1image to be alternately
displayed on a time division basis. During a period when any
one of a right-eye image and a left-eye image changes to the
other one thereot, the mixture of the right-eye image and the
left-eye 1mage (1.e., crosstalk) occurs, and thus, when an
observer views a displayed 1image, it becomes diflicult for
the observer to perceive a distinct three-dimensional appear-
ance. In order to solve this problem, for example, 1n JP-A-
2009-25436, there has been disclosed a technology which
disables an observer to view a displayed image during a
pertod when any one of a right-eye 1image and a left-eye
image changes to the other one thereof (that 1s, a period
when a right-eye 1image and a left-eye 1mage are mixed) by
causing both of a right-eye shutter and a left-eye shutter,
which are incorporated in three-dimensional spectacles, to
be 1 a closed state.

Specifically, a nght-eye period corresponding to a right-
eye 1mage and a left-eye period corresponding to a left-eye
image are set alternately. In the right-eye period, a displayed
image 1s updated from a left-eye image to a right-eye image
in the anterior half portion thereof and the right-eye image
1s displayed in the posterior half portion thereof; while, 1n
the left-eye period, a displayed image 1s updated from a
right-eye 1mage to a left-eye image in the anterior half
portion thereol and the left-eye image 1s displayed in the
posterior half portion thereof. In the anterior half portion of
cach of the right-eye period and the left-eye image, both of
the right-eye shutter and the left-eye shutter are controlled so
as to be 1 a closed state. Accordingly, the mixture of a
right-eye 1image and a left-eye image (1.€., crosstalk) 1s not
perceived by an observer.

In a three-dimensional viewing (3D) display which allows
a right-eye 1mage and a left-eye 1image to be alternately
displayed, such as 1s disclosed m JP-A-2009-25436, how-
ever, 1t 1s necessary to speed up a transfer speed of image
signals as well as an operation speed of each of driving
circuits so that a frame frequency for displaying images can
be more than twice as high as a frame frequency in a
two-dimensional viewing (2D) display. For example, 1n the
two-dimensional viewing (2D) display, a frame frequency of
60 Hz 1s used; while, 1n the three-dimensional viewing (3D)
display, a double speed driving method, in which a frame
frequency (a vertical scanning frequency) 1s made 120 Hz,
1s employed.

In the case where the double speed driving method 1s
employed, there 1s a problem that the length of a selection
period for selecting one of signal lines becomes short,
thereby causing a trouble to occur 1n writing of display data
signals 1nto pixels, so that the quality of a displayed image
1s degraded. For this reason, 1n order that the length of the
selection period does not become short, in an existing
configuration, for example, four or six driving ICs are used

10

15

20

25

30

35

40

45

50

55

60

65

2

and the entire driving operations are separately performed
by two or three driving ICs for each of a horizontal direction

and a vertical direction.

Nevertheless, 1n the case where four of six driving ICs are
used, there 1s a problem that manufacturing cost 1s increased.
Moreover, 1n the case where four of six driving ICs are used,
it 1s necessary to provide two wirings as signal lines per
pixel, so that a pixel configuration becomes complicated.
Meanwhile, 1n the case where any driving IC 1s not added,
there still remains the problem that the length of a selection
period for selecting one of signal lines becomes short,
thereby causing a trouble to occur 1n writing of display data
signals 1nto pixels, so that the quality of a displayed image
1s degraded.

SUMMARY

An advantage of some aspects of the invention i1s to
provide an electro-optic device, a driving method for an
clectro-optic device and an electronic device including the
clectro-optic device, which perform switching between a
regular speed driving operation and a double speed driving
operation so as to enable suppression of the degradation of
the quality of a displayed image without complicating a
pixel configuration and increasing manufacturing cost.

An electro-optic device according to an aspect of the
invention includes a plurality of scanning lines; a plurality of
signal lines; a plurality of pixels each provided so as to
correspond to one of intersections of the plurality of scan-
ning lines and the plurality of signal lines; a scanning line
driving portion configured to perform scanning line driving
operations each for selecting at least one of the scanning
lines at a corresponding timing point in accordance with a
vertical scanning frequency; a signal line driving portion
configured to supply the pixels, via the signal lines, with
image signals each including at least time-division multi-
plexed data voltages each having a magnitude equivalent to
a gray-scale level with which display 1s to be performed; a
signal line selection portion configured to perform signal
line selection operations 1n accordance with a control signal,
cach for selecting at least one signal line which i1s included
in the signal lines, and through each of which a correspond-
ing one of the image signals 1s supplied; and a controller
configured to perform control so as to cause the vertical
scanning frequency to be switched to any one of a first
frequency and a second frequency which 1s higher than the
first frequency, and the controller 1s configured to, 1n a state
subsequent to switching of the vertical scanning frequency
to the first frequency, output the control signal so as to, after
an end of a first selection period for selecting at least one of
the signal lines, cause any other at least one of the signal
lines to be selected, and, 1n a state subsequent to switching
of the vertical scanming frequency to the second frequency,
output the control signal so as to, during a second selection
period for selecting at least one of the signal lines, cause any
other at least one of the signal lines to be selected, and
thereby cause an overlapping period to arise during part of
the second selection period for selecting at least one of the
signal lines.

According to this first aspect, a scanning line driving
signal 1s supplied to each of the at least one of the scanning
lines by the scanning line driving portion, and the image
signals each including at least time-division multiplexed
data voltages each having a magnitude equivalent to a
gray-scale level with which display 1s to be performed are
supplied to corresponding ones of the pixels via the each of
the at least one of the signal lines. In this case, the at least
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one of the signal lines, via each of which a corresponding
one of the image signals 1s supplied, 1s selected by the signal
line selection portion, and the controller 1s configured to, 1n
a state subsequent to switching of the vertical scanning
frequency to the first frequency, output the control signal so
as to, after an end of a first selection period for selecting at
least one of the signal lines, cause any other at least one of
the signal lines to be selected. Accordingly, 1n each of pixels
corresponding to the any other at least one of the signal lines,
display of high image quality 1s performed without being
allected by electric potentials of pixels corresponding to the
at least one of the signal lines which 1s selected during the
first selection period. Further, the controller 1s configured to,
in a state subsequent to switching of the vertical scanning
frequency to the second frequency, output the control signal
s0 as to, during a second selection period for selecting at
least one of the signal lines, cause any other at least one of
the signal lines to be selected, and thereby cause an over-
lapping period to arise during part of the second selection
period for selecting at least one of the signal lines. Accord-
ingly, even when the length of data-voltage writing time per
pixel becomes short, an overlapping period arises during
part of the second selection period for selecting at least one
of the signal lines, and thus, 1t becomes possible to suil-
ciently ensure data-voltage writing time for corresponding
ones of the pixels, and this results 1n the improvement of the
quality of a displayed image.

In the atorementioned electro-optic device according to
the first aspect, the signal line driving portion may be
configured to, at intervals of one vertical scanning period,
reverse a polarity of each of the image signals relative to a
reference electric potential value for the pixels. In the case
where, concurrently with such a driving operation as
described above, switching of the vertical scanning fre-
quency to the second frequency which 1s higher than the first
frequency 1s performed, the length of data-voltage writing
time per pixel becomes short, but an overlapping period
arises during part of the second selection period for selecting
at least one of the signal lines, and thus, 1t becomes possible
to sufliciently ensure data-voltage writing time for corre-
sponding ones of the pixels, and this results 1n the improve-
ment of the quality of a displayed 1image.

In the atorementioned electro-optic device according to
the first aspect, the signal line driving portion may be
configured to, under control from the controller, be switched
to any one ol a three-dimensional view image driving
operation, 1n which the image signals for a right-eye image
and the image signals for a left-eye 1mage are alternately
supplied at intervals of a display period, and a two-dimen-
sional view i1mage driving operation, in which the image
signals for images common to a right eye and a left eye are
supplied, and the controller may be configured to, when
causing the signal line driving portion to be switched into the
two-dimensional view image driving operation, perform
control so as to cause the vertical scanning frequency to be
switched to the first frequency, and when causing the signal
line driving portion to be switched into the three-dimen-
sional view 1mage driving operation, perform control so as
to cause the vertical scanning frequency to be switched to
the second frequency.

According to this configuration, the controller 1s config-
ured to, when causing the signal line driving portion to be
switched into the two-dimensional view image driving
operation, perform control so as to cause the vertical scan-
ning frequency to be switched to the first frequency, and
output the control signal so as to, after an end of the first
selection period for selecting at least one of the signal lines,
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cause any other at least one of the signal lines to be selected.
Accordingly, 1n the case where two-dimensional view
images are displayed, in each of pixels corresponding to the
any other at least one of the signal lines, display of high
image quality 1s performed without being affected by elec-
tric potentials of pixels corresponding to the at least one of
the signal lines which 1s selected during the first selection
period, and this results 1n display of a high image quality.
Further, the controller 1s configured to, when causing the
signal line driving portion to be switched to the two-
dimensional view 1mage driving operation, perform control
so as to cause the vertical scanning frequency to be switched
to the second frequency, and output the control signal so as
to, during the second selection period for selecting at least
one of the signal lines, cause any other at least one of the
signal lines to be selected, and thereby cause an overlapping
period to arise during part of the second selection period for
selecting at least one of the signal line. Accordingly, even
when the three-dimensional view 1mage driving operation
for allowing the image signals for a write-eye 1mage and the
image signals for a left-eye 1image to be alternately supplied
1s performed, and thereby the length of data-voltage writing
time per pixel becomes short, an overlapping period arises
during part of the second selection period for selecting at
least one of the signal lines, and thus, 1t becomes possible to
suiliciently ensure data-voltage writing time for correspond-
ing ones of the pixels, and this results 1n the improvement of
the quality of displayed images.

In the atorementioned electro-optic device according to
the first aspect, a light source that 1s luminance-adjusted to
at least a first luminance level and a second luminance level
which 1s higher than the first luminance level, and a lumi-
nance detector that detects a luminance level under an
installation environment where the electro-optic device
according to the first aspect 1s installed may be further
included, and 1n the case where a luminance level under the
installation environment, which 1s detected by the luminance
detector, 1s lower than a third luminance level which 1s a
reference level, the controller may perform control so as to
cause a luminance level of the light source to be switched to
the first luminance level and cause the vertical scanning
frequency to be switched to the first frequency, and 1n the
case where the luminance level under the installation envi-
ronment, which 1s detected by the luminance detector, 1s
higher than or equal to the third luminance level, the
controller may perform control so as to cause a luminance
level of the light source to be switched to the second
luminance level and cause the vertical scanning frequency to
be switched to the second frequency.

According to this configuration, 1 the case where a
luminance level under the installation environment, which 1s
detected by the luminance detector, 1s lower than a third
luminance level which 1s a reference level, the controller 1s
configured to perform control so as to cause a luminance
level of the light source to be switched to the first luminance
level and cause the wvertical scanning frequency to be
switched to the first frequency, and output the control signal
sO as to, after an end of the first selection period for selecting
at least one of the signal lines, cause any other at least one
of the signal lines to be selected. Accordingly, in the case
where the electro-optic device 1s installed at a relatively dark
place, display of high image quality 1s performed without
being aflected by electric potentials of pixels corresponding
to the at least one of the signal lines which is selected during
the first selection period, and this results i display of a high
image quality. Further, in the case where a luminance level
under the installation environment, which 1s detected by the
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luminance detector, 1s higher than the third luminance level,
the controller 1s configured to perform control so as to cause
a luminance level of the light source to be switched to the
second luminance level and cause the vertical scanning
frequency to be switched to the second frequency, and
output the control signal so as to, during the second selection
period for selecting at least one of the signal lines, cause any
other at least one of the signal lines to be selected, and
thereby cause an overlapping period to arise during part of
the second selection period for selecting at least one of the
signal line. Accordingly, in the case where the electro-optic
device 1s installed at a relatively light place, the vertical
scanning frequency 1s switched to the second frequency 1n
order to suppress the occurrence of flickering, so that the
length of data-voltage writing time per pixel becomes short,
but an overlapping period arises during part of the second
selection period for selecting at least one of the signal lines,
and thus, 1t becomes possible to sufliciently ensure data-
voltage writing time for corresponding ones of the pixels,
and this results in the improvement of the quality of dis-
played 1mages.

In the aforementioned electro-optic device according to
the first aspect, the signal line driving portion may be
configured to, at least during a pre-charge period prior to
operations for supplying the data voltages to the pixels,
supply a pre-charge voltage such that the pre-charge voltage
1s supplied via at least one of the signal lines which 1s to be
selected, and the controller may be configured to, during the
pre-charge period, output the control signal so as to cause all
the signal lines to be selected.

This configuration suppresses the influence of leakages
from other pixels, and thus, makes it possible to suppress the
unevenness of luminance as well as vertical crosstalk.

In the aforementioned electro-optic device according to
the first aspect, the scanming line driving portion may be
configured to, during the pre-charge period, supply each of
the scanning lines with a scanning signal which causes

corresponding ones of switching elements to be 1 an
on-state.

This configuration suppresses the influence of leakages
from other pixels, and thus, makes it possible to suppress the
unevenness of luminance as well as vertical crosstalk.

In the atorementioned electro-optic device according to
the first aspect, the controller may be configured to output
the control signal so as to, during an overall period from a
beginning of the pre-charge period until an end of a selection
period for firstly selecting at least one of the signal lines
within one horizontal scanning period, cause the firstly
selected at least one of the signal lines to be selected.

This configuration suppresses the influence of leakages
from other pixels due to the writing operation of the pre-
charge voltage onto relevant ones of the signal lines, and
thus, makes 1t possible to suppress the unevenness of lumi-
nance as well as vertical crosstalk and sufficiently ensure
data-voltage writing time for each of the pixels, so that this
results 1n the improvement of the quality of a displayed
1mage.

In the aforementioned electro-optic device according to
the first aspect, the signal line selection portion may be
configured to, when needed, change order of the signal line
selection operations each for selecting at least one of the
signal lines 1n accordance with the control signal.

According to this configuration, with respect to signal
lines which are previously selected and signal lines which
are subsequently selected during the overlapping period, the
influence of data voltages of pixels corresponding to the
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previously selected signal lines on pixels corresponding to
the subsequently selected signal lines can be made even.

A control method for an electro-optic device, according to
a second aspect of the invention, 1s for use 1n an electro-optic
device provided with a plurality of scanning lines, a plurality
of signal lines, and a plurality of pixels each provided so as
to correspond to one of intersections of the plurality of
scanning lines and the plurality of signal lines. Further, the
control method includes performing scanming line driving
operations each for selecting at least one of the scanning
lines at a corresponding timing point in accordance with a
vertical scanning frequency; supplying the pixels, via the
signal lines, with 1mage signals each including at least
time-division multiplexed data voltages each having a mag-
nitude equivalent to a gray-scale level with which display 1s
to be performed; performing signal selection operations in
accordance with a control signal, each for selecting at least
one signal line which 1s included in the signal lines, and
through each of which a corresponding one of the image
signals 1s supplied; and performing control so as to cause the
vertical scanning frequency to be switched to any one of a
first frequency and a second frequency which 1s higher than
the first frequency. Further, 1n a state subsequent to switch-
ing of the vertical scanning frequency to the first frequency,
the control signal 1s outputted so as to, after an end of a first
selection period for selecting at least one of the signal lines,
cause any other at least one of the signal lines to be selected,
and, 1n a state subsequent to switching of the vertical
scanning irequency to the second frequency, the control
signal 1s outputted so as to, during a second selection period
for selecting at least one of the signal lines, cause any other
at least one of the signal lines to be selected, and thereby
cause an overlapping period to arise during part of the
second selection period for selecting at least one of the
signal lines.

Next, an electronic device according to a second aspect of
the invention includes the aforementioned electro-optic
device according to the first aspect of the invention.

In this kind of an electronic device, even when, 1n a
display device, such as a liquid crystal display, data-voltage
writing time per pixel becomes short because of higher
resolution, since an overlapping period arises during part of
a selection period for selecting at least one of the signal lines
which 1s for use 1 writing of data voltages, 1t becomes
possible to sufliciently ensure data-voltage writing time for
cach pixel, and this results 1n the improvement of the quality
of a displayed image.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 1s a diagram for describing an electro-optic device
according to a first embodiment of the invention.

FIG. 2 1s a block diagram 1illustrating a configuration of an
clectro-optic device according to the first embodiment.

FIG. 3 15 a circuit diagram illustrating a configuration of
a pixel.

FIG. 4 1s a timing chart illustrating operation of an
clectro-optic device according to the first embodiment.

FIG. 5§ 1s a timing chart illustrating operation of an
clectro-optic device according to the first embodiment.

FIG. 6 1s a block diagram 1illustrating a configuration of an
clectro-optic device according to a second embodiment of
the 1vention.
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FIG. 7 1s a timing chart illustrating operation of an
clectro-optic device according to a third embodiment of the

invention.

FIG. 8 1s a timing chart illustrating operation of an
clectro-optic device according to a fourth embodiment of the
invention.

FIG. 9 1s a timing chart illustrating operation of an
electro-optic device according to a modification example.

FIG. 10 1s a diagram for describing an example of an
clectronic device.

FIG. 11 1s a diagram for describing an example of another
clectronic device.

FIG. 12 1s a diagram for describing an example of another
clectronic device.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

FI1G. 1 1s a diagram 1illustrating a configuration of a system
for transmitting signals 1n an electro-optic device 1. As
shown 1 FIG. 1, the electro-optic device 1 includes an
clectro-optic panel 100, a driving integrated circuit 200 and
a flexible circuit substrate 300, and the electro-optic panel
100 1s connected to the flexible circuit substrate 300 pro-
vided thereon with the driving integrated circuit 200. The
clectro-optic panel 100 1s connected to a host CPU (not
illustrated) via these flexible circuit substrate 300 and driv-
ing 1ntegrated circuit 200. Here, the driving integrated
circuit 200 1s a device which receives 1image signals as well
as various control signals for use 1n driving control, from the
host CPU wia the flexible circuit substrate 300, and drives
the electro-optic panel 100.

FIG. 2 1s a block diagram illustrating a configuration of
the electro-optic panel 100 as well as a configuration of the
driving integrated circuit 200. As shown in FIG. 2, the
clectro-optic panel 100 includes a pixel portion 10, a scan-
ning line driving circuit 200 as the scanning line driving
portion, and J demultiplexers 57[1] to 57[]] collectively as
the signal line selecting portion. The driving integrated
circuit 200 includes a data line driving circuit 30 as the
signal line driving portion as well as a control circuit as the
controller.

In the pixel portion 10, there are formed a group of M
scanning lines 12 and a group of N signal lines 14, these two
groups being intersected with each other. There 1s provided
a plurality of pixel circuits PIX each associated with a
corresponding one of intersections of the scanming lines 12
and the signals lines 14, and the pixel circuits PIX are
arranged 1n a matrix shape of M rows arranged 1n a vertical
direction and N columns arranged 1n a horizontal direction.

FIG. 3 1s a circuit diagram of each pixel circuit PIX. As
shown 1n FIG. 3, the each pixel circuit PIX includes a liquad
crystal element 60 and a switching element SW, such as a
TFT. This liquid crystal element 60 1s an electro-optic
clement including a pixel electrode 62 and a common
clectrode 64 which are opposite to each other, as well as
liquid crystal 66 interposed between the pixel electrode 62
and the common electrode 64. The transmittance (display
gray-scale level) of the liquid crystal 66 varies in accordance
the level of a voltage which 1s applied between the pixel
electrode 62 and the common electrode 64. In addition, a
configuration in which an auxiliary capacitor 1s connected 1n
parallel with the liquid crystal element 60 can be employed.
The switching element SW, which 1s constituted of, for
example, an N channel type transistor whose gate 1s con-
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nected to one of the scanning lines 12, 1s arranged between
the liguid crystal element 60 and one of the signal lines 14
and performs control of an electric connection (a conduction
or a non-conduction) therebetween. When a scanning signal
Y[m] 1s set to a selection electric potential, the switching
clements SW each included 1n a corresponding one of the
pixel circuits PIX of an m-th row simultaneously transit to
ON state.

When one of the scanning lines 12 which 1s associated
with a pixel circuit PIX 1s selected and the switching element
SW of the pixel circuit PIX 1s controlled so as to transit to
ON state, a voltage 1n accordance with an 1mage signal D[n]
which 1s supplied to the pixel circuit PIX from a correspond-
ing one of the signal lines 14 1s applied to the liquid element
60 of the pixel circuit PIX, so that the transmittance of the
liquid crystal 66 of the pixel circuit PIX 1s set to a trans-
mittance 1n accordance with the image signal D[n]. Further,
when a light source (not illustrated) 1s brought into ON state
(a lighting state) and a light ray is wrradiated from the light
source, the light ray transmits through the liqud crystal 66
included 1n the pixel circuit PIX and proceeds to an observer
side. That 1s, when a voltage 1n accordance with the image
signal D[n] 1s applied to the liqud crystal element 60, and
turther, the light source 1s brought into ON state, a pixel
corresponding to the pixel circuit PIX results 1n display with
a gray-scale level 1n accordance with the image signal D[n

When the switching element SW 1s brought to ON state
alter an application of a voltage 1n accordance with the
image signal D[n] to the liquid crystal element 60 of the
pixel circuit PIX, 1deally, the applied voltage 1n accordance
with the image signal D[n] 1s retained. Thus, 1deally, each
pixel displays with a gray-scale level equivalent to the image
signal D[n] during a period from a time point when the
switching element SW has been brought to ON state until a
time point the switching element SW 1s brought to ON state
next.

As shown in FIG. 3, capacitance Ca 1s parasitized
between the signal line 14 and the pixel electrode 62 (or
between the signal line 14 and a wiring which electrically
connects between the pixel electrode 62 and the switching
clement SW). Thus, there 1s a case where an electric
potential variation of the signal line 14 1s propagated to the
pixel electrode 62 through the capacitance Ca, thereby
causing a voltage being applied to the liquid element 60 to
vary.

Further, the common eclectrode 64 i1s supplied with a
common voltage LCCOM, which 1s a constant voltage, via
a common line (not illustrated). As the common voltage
LCCOM, a voltage of around -0.5 V 1s used when the
central voltage of the image signal D[n] 1s made 0 V.

In this embodiment, in order to prevent the occurrence of
so called 1mage persistence, a polarity inversion driving
method which causes the polarity of a voltage applied to the
liquid crystal element 60 to be mverted at a predetermined
cycle, for example, at intervals of one frame, 1s employed.
In this embodiment, the voltage level of the image signal
D[n] supplied to the pixel circuit PIX via the signal line 14
1s mnverted at intervals of unit period relative to the central
voltage of the image signal D[n]. The umt period means a
period corresponding to unit of operations for driving the
pixel circuits PIX. In this embodiment, the unit period 1s a
vertical scanning period, that 1s, one frame period. In addi-
tion, the umt period can be set to any desired period, and
may be set to, for example, a period resulting from multi-
plying a vertical scanning period by a natural number. In this
embodiment, the polarity of the image signal D[n] 1s made
a positive polarity in the case where the voltage of the image
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signal D[n] 1s higher than the central voltage of the image
signal D[n]; while the polanty of the image signal D[n] 1s
made a negative polarity in the case where the voltage of the
image signal D[n] 1s lower than the central voltage of the
image signal D[n].

Here, the description is returned to FIG. 2. The control
circuit 40 performs synchronization control of the scanning
line driving circuit 22 and the data line driving circuit 30 on
the basis of external signals inputted from an external device
(not 1illustrated), such as a vertical synchronization signal
Vs, a horizontal synchronization signal Hs and a dot clock
signal DCLK. Under this synchronization control, the scan-
ning driving circuit 22 and the data line driving circuit 30
perform display control of the pixel portion 10 in coopera-
tion with each other.

The scanning driving circuit 22 outputs each of scanning,
signals G[1] to G[M] onto a corresponding one of the M
scanning lines 12. The scanming line drniving circuit 22 1s
configured to, for each horizontal scanning period H which
1s synchronized with an output of the horizontal synchroni-
zation signal Hs from the control circuit 40, sequentially
cause a corresponding one of the scanning signals G[1] to
G[M], each associated with a corresponding one of the
scanning lines 12, to be 1n an active-level state.

Here, during a period when a scanning signal G[m]
corresponding to an m-th row 1s in the active-level state and
a scanning line corresponding to the m-th row 1s selected,
switching elements SW each included 1n a corresponding
one of N pixel circuits PIX of the m-th row are brought to
ON state, and via these switching elements SW, each of the
N signal lines 14 1s connected to the pixel electrode 62 of a
corresponding one of the N pixel circuits of the m-th row.

The N signal lines 14 inside the pixel portion 10 are
sectioned 1nto J wiring blocks B[1] to B[J] for every four
mutually adjacent signal lines 14 (J being equal to N/4). The
demultiplexers 57[1] to 57[J] are associated with these
wiring blocks B[1] to B[], respectively.

The demultiplexer 57[j] ( being any one of 1 to )
includes four switches 38[1] to 38[4]. In the demultiplexer
57[7] ( being any one of 1 to J), one of connection points of
each of the four switches 58[1] to 58][4] 1s connected to a
common connection point. Further, the common connection
point of the one of connection points of each of the four
switches 38[1] to 58[4] of the demultiplexer 57[;] ( being
any one of 1 to J) 1s connected to a corresponding one of the
I signal lines 15. These J signal lines 15 are connected to the
data line driving circuit 30 of the driving integrated circuit
200 via the flexible circuit substrate 300. Further, in the
demultiplexer 37[j] (j being any one of 1 to I), the other one
ol connection points of each of the four switches 38[1] to
58[4] 1s connected to a corresponding one of four signal
lines 14 constituting a wiring block Bl[j] corresponding to

the demultiplexer 57[j/.

The ON/OFF of each of the four switches 58[1] to 58[4]
of the demultiplexer 57[j] ( being any one of 1 to J) 1s
switched by a corresponding one of four selection signals S1
to S4. These four selection signals S1 to S4 are supplied
from the control circuit 40 of the driving mtegrated circuit
200 via the flexible circuit substrate 300. Here, when, for
example, one selection signal S1 1s 1n the active level state
and the other three selection signals S2 to S4 are each 1n a
non-active level state, only J switches 38[1] each belonging
to a corresponding demultiplexer 57[;] (1 being any one of 1
to J) are turned ON. Consequently, the demultiplexer 57[/]
(1 being any one of 1 to J) outputs a corresponding one of the
image signals D[1] to D[J] existing on J signal lines 15 onto
a 1st one of the four signal lines 14 of a corresponding one
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of the wiring blocks B[1] to B[J]. Subsequently, in the same
way as described above, the demultiplexer 57[/] ( being any
one of 1 to J) sequentially outputs a corresponding one of the
image signals D[1] to D[J] existing on the J signal lines 15
onto a 2nd one, a 3rd one and a 4th one of the four signal
lines 14 of a corresponding one of the wiring blocks B[1] to
B[J].

The control circuit 40 includes a frame memory, and this
frame memory includes therein at least a memory space of
MxN bits corresponding to the resolution of the pixel
portion 10, and stores and retains therein display data
inputted from an external device in unit of one frame. Here,
the display data, which defines the gray-scale levels of the
display portion 10, 1s, for example, a set of pieces of data
cach being composed of 6 bits and representing 64 gray-
scale levels. The display data having been read out from the
frame memory 1s serially transierred to the data line driving
circuit 30 via a 6-bit bus. In addition, this display data also
includes pre-charge signals described below.

In addition, the control circuit 40 may be configured so as
to iclude a line memory having a storage capacity enough
to store therein at least one line of data. In this case, the
control circuit 40 stores one line of display data in the line
memory, and then, transfers the one line of display data to
the individual pixels.

The data line driving circuit 30 outputs, for each pixel row
targeted for data writing, pieces of data to be supplied,
towards the data lines 14 1n cooperation with the scanning
line driving circuit 22. The data line dnving circuit 30
generates latching signals on the basis of the selection
signals S1 to S4 outputted from the control circuit 40, and
sequentially latches N display data signals, which are sup-
plied as serial data and each of which 1s composed of 6 bits,
by using the latching signals. The display data signals are
sequentially grouped, for each set of four pixels, into a group
as time-series data. Further, in the data line driving circuit
30, digital-to-analog (D/A) conversion circuits are provided,
and pieces of digital data having been grouped are D/A
converted, and thereby, voltages as pieces of analog data are
generated. Through this processing, the pre-charge signals
are converted 1nto predetermined pre-charge voltages Vpre,
and the display data signals, which have been time-serial-
1zed 1n unit of four pixels, are also converted into predeter-
mined data voltages. Further, a set of a pre-charge voltage
and data voltages each for a corresponding one of four pixels
1s supplied, in this order, to each of the signal lines 15.

Each of the switches 58[1] to 58[4] of the demultiplexer
57]7] (1 being any one of 1 to JI) 1s conduction-controlled by
a corresponding one of the selection signals S1 to 5S4
outputted from the control circuit 40, and 1s turned ON at a
relevant timing point. Through this processing, in a hori-
zontal scanning period (1H), the set of a pre-charge voltage
and data voltages each for a corresponding one of four pixels
1s supplied to each of the signal lines 15, and then, 1is
outputted, on a time-series basis, by one of the switches
58[1] to 58[4] onto corresponding ones of the signal lines
14.

The above 1s a configuration of the electro-optic device 1.

In FIG. 4, there 1s 1llustrated a timing chart for the driving
integrated circuit 200. Upon mnput of the horizontal synchro-
nization signal Hs from an external device to the control
circuit 40, the control circuit 40 drives the scanning line
driving circuit 22 in synchronization with the horizontal
synchronization signal Hs. The scanning line driving circuit
22 generates each of scanming signals G[1], G[2], .. ., and
G[n] by sequentially shifting a signal corresponding to a
transier start pulse DY having a cycle of one frame (1F) in
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synchronization with a Y clock signal CLY. Each of the
scanning signals G[1], G[2], ..., and G[n] serially becomes
in an active state. The data line driving circuit 30 generates
sampling pulses SP 1, SP 2, . . ., and SP z (not illustrated)
on the basis of an X transfer start pulse DX (not illustrated)
having a cycle of one horizontal scanning period and an X
clock signal CLX (not illustrated). Further, the data line
driving circuit 30 generates the image signals D[1] to D[] by
sampling 1image signals VID 1 to VID 7 (not 1illustrated) by
using the sampling pulses SP 1, SP 2, . . ., and SP z (not
illustrated).

In addition, 1n the case of the 2D display, the control
circuit 40 causes each of the scanning driving circuit 22 and
the data line driving circuit 30 to drive by switching a frame
frequency to 120 Hz which 1s the first frequency; while, 1n
the case of the 3D display, the control circuit 40 causes each
of the scanning driving circuit 22 and the data line driving
circuit 30 to drive by switching a frame frequency to 240 Hz
which 1s the second frequency.

The control circuit 40 outputs the each of the selection
signals S1 to S4 to the data line driving circuit 30 and a
corresponding one of the four switches 58[1] to 58[4] of
cach of the demultiplexers 57[;] (1 being 1 to I) 1n synchro-
nization with the horizontal synchronization signal Hs. The
data line driving circuit 30 outputs each of the images D[1]

to D[] to a corresponding one of the signal lines 15 from a
corresponding one of output terminals dl to dj. The four
switches 58[1] to 58[4] of each of the demultiplexers 57]/]
(1 being 1 to J) are each turned ON/OFF on the basis of a
corresponding one of the selection signals S1 to S4, and
thereby, the 1mage signals D[1] to DJ[j] each including the
pre-charge signal are each outputted to corresponding ones
of the signal lines 14.

In this embodiment, a configuration 1s made such that a
method for driving the selection signals S1 to S4 1s switched
depending on which of a 2D display and a 3D display 1s
performed. Heremafter, a method for driving the selection
signals 1n the case where the 2D display 1s performed as well
as a method for driving the selection signals 1n the case

where the 3D display 1s performed will be described 1n more
detail.
In Case of 2D Display

First, a method for driving the selection signals 1n the case
where a 2D display 1s performed will be described. As
shown in FIG. 4, the control circuit 40 simultaneously
causes the selection signals S1 to S4 to be 1n an active state
during a period TO from a timing point t0 when the scanning
signal G[1] becomes in the active state until a timing point
tl after an elapse of a predetermined period, and continu-
ously keeps the active state during the period T0. During the
period TO, the image signals D[1] to D[j] are each set to the
pre-charge voltage Vpre, and thus, the pre-charge voltage
Vpre 1s written onto each of the signal lines 14, so that 1t 1s
written into each of corresponding ones of the pixels.

After having caused each of the selection signals S1 to S4
to be 1n a non-active state, the control circuit 40 causes the
selection signal S1 to be 1n the active state at a timing point
t4 after an elapse of a predetermined period of time, and
causes the selection signals S1 to be 1n the non-active state
at a timing point t5 after an elapse of a period T1.

The control circuit 40 causes the selection signal S1 to be
in the non-active state at the timing point t5, and simulta-
neously therewith, causes the selection signal S2 to be in the
active state. Further, the control circuit causes the selection
signal S2 to be 1n the non-active state at a timing point t6
after an elapse of a period T2.
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The control circuit 40 causes the selection signal S2 to be
in the non-active state at the timing point t6, and simulta-
neously therewith, causes the selection signal S3 to be 1n the
active state. Further, the control circuit 40 causes the selec-
tion signal S3 to be 1n the non-active state at a timing point
t7 after an elapse of a period T3.

The control circuit 40 causes the selection signal S3 to be
in the non-active state at the timing point t7, and simulta-
neously therewith, causes the selection signal S4 to be 1n the
active state. Further, the control circuit causes the selection
signal S4 to be 1n the non-active state at a timing point t8
alter an elapse of a period T4.

As described above, 1n the case of the 2D display 1n which
the frame frequency 1s set to 120 Hz, each of the selection
signals S1 to S4 1s driven such that a period during which the
cach of the selection signals S1 to S4 1s 1n the active state 1s
not overlapped by a period during which any other one of the
selection signals S1 to S4 1s in the active state, and thus,
pixels corresponding to selected ones of the signal lines 14,
which are temporally subsequently supplied with their
respective corresponding image signals are not aflected by
the electric potentials of pixels corresponding to other ones
of the signal lines 14, which are temporally previously
supplied with their respective corresponding image signals,
so that a high-quality display 1s achieved.

In Case of 3D Display

Next, a method for driving the selection signals 1n the case
where a 3D display 1s performed will be described. As
shown in FIG. 5, the control circuit 40 simultaneously
causes the selection signals S1 to S4 to be 1n the active state
during a period TO from a timing point tO when the scanning
signal G[1] becomes in the active state until a timing point
tl after an elapse of a predetermined period, and continu-
ously keeps the active state during the period T0. During the
period T0O, the image signals D[1] to D[j] are each set to the
pre-charge voltage Vpre, and thus, the pre-charge voltage
Vpre 1s written onto each of the signal lines 14, so that it 1s
written 1nto each of corresponding ones of the pixels.

After having caused each of the selection signals S1 to S4
to be 1n the non-active state, the control circuit 40 causes the
selection signal S1 to be 1n the active state at a timing point
t3 after an elapse of a predetermined period. In the case of
the 2D display, as shown FIG. 4, the control circuit 40 causes
the selection signals S1 to be 1n the active state at the timing
point t4 posterior to the timing point t3; while, in the case of
the 3D display, the control circuit 40 causes the selection
signals S1 to be in the active state at the timing point t3
anterior to the timing point t4. As a result, a period during
which the selection signal S1 becomes in the active state 1s
longer than the period T1, shown in FIG. 4, 1n the case of the
2D display, and becomes a period 15 shown in FIG. 3.

Similarly, the control circuit 40 causes the selection signal
S1 to be 1n the non-active state at the timing point t5, and
causes the selection signal S2 to be 1n the active state at the
timing point t4 which 1s anterior to the timing point t5 by a
predetermined period of time. In the case of the 2D display,
as shown FIG. 4, the control circuit 40 causes the selection
signal S2 to be 1n the active state at the timing point t3
posterior to the timing point t4; while, 1n the case of the 3D
display, the control circuit 40 causes the selection signal S2
to be 1n the active state at the timing point t4 anterior to the
timing point t5. As a result, a period during which the
selection signal S2 becomes 1n the active state 1s longer than
the period T2, shown 1n FIG. 4, 1n the case of the 2D display,
and becomes a period T7 shown in FIG. 5. Further, the
selection signal S1 and the selection signal S2 are controlled
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in this way, so that there occurs an overlapping period 1n
which both of the selection signal S1 and the selection signal
S2 are in the active state.

Hereinatfter, similarly, the control circuit 40 causes the
selection signal S3 to be in the active state at the timing point
t5, and thus, a period during which the selection signal S3
becomes 1n the active state i1s longer than the period T3,
shown 1n FIG. 4, 1n the case of the 2D display, and becomes
a period T9 shown 1 FIG. 5. As a result, there occurs an
overlapping period 18 during which both the selection
signal S2 and the selection signal S3 become in the active
state. Further, the control circuit 40 causes the selection
signal S4 to be 1n the active state at the timing point t6, and
thus, a period during which the selection signal S4 becomes
in the active state 1s longer than the period T4, shown 1n FIG.
4, 1n the case of the 2D display, and becomes a period T11
shown 1n FIG. 5. As a result, there occurs an overlapping
period T10 during which both the selection signal S3 and the
selection signal S4 each become 1n the active state.

As described above, 1n this embodiment, 1n the case of the
3D display, the length of a period during which any one of
the signal lines 14 1s selected 1s made longer than 1n the case
of existing methods, and further, the selection signals are
driven such that an overlapping period 1n which two or more
ones of the signal lines 14 are simultaneously selected 1s
provided, and thus, even when, 1n order to perform the 3D
display, the frame frequency 1s changed to 240 Hz which 1s
double the 120 Hz, 1t 1s possible to sufliciently ensure a
period of time during which any one of the pixels 1s supplied
with a corresponding 1mage signal, without providing any
additional data line driving circuit. As a result, in the
clectro-optic panel 100, it 1s possible to improve the quality
of a displayed image.

Second Embodiment

In the first embodiment, there has been described an
example 1n which a method for driving the selection signals
1s switched depending on which of the 2D display and the
3D display 1s performed, and this embodiment 1s different
from the first embodiment in the respect that the method for
driving the selection signals 1s switched 1n accordance with
the brightness 1n a room.

FIG. 6 1s a block diagram illustrating an electro-optic
device of this embodiment. As shown in FIG. 6, an electro-
optic device 1a of this embodiment includes a light source
70 and a luminance sensor 80 besides the electro-optic panel
100 and the control circuit 40. The light source 70 1s a light
source of the electro-optic panel 100, and 1s configured such
that the luminance level of the light source 70 1tself can be
adjusted by the control circuit 40. The luminance sensor 80
1s a sensor for detecting a luminance level 1n a room 1n which
the electro-optic device 1a 1s 1nstalled.

The control circuit 40 1s configured so as to increase the
luminance level of the light source 70 1n the case where an
in-room luminance level detected by the luminance sensor
80 1s determined to be larger than or equal to a predeter-
mined value. Further, the control circuit 40 1s configured so
as to reduce the luminance of the light source 70 1n the case
where an 1n-room luminance level detected by the lumi-
nance sensor 80 1s determined to be smaller than the
predetermined value. Moreover, the control circuit 40 1s
configured so as to switch a frame frequency from 120 Hz
to 240 Hz when increasing the luminance level of the light
source 70, and switch the frame frequency from 240 Hz to
120 Hz when reducing the luminance level of the light
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source 70. This 1s because flickering i1s likely to become
highly visible when the mside of a room becomes light.

In this embodiment, the control circuit 40 1s configured to,
when switching a frame frequency from 120 Hz to 240 Hz,
select a method for driving the selection signals which
allows occurrence of an overlapping period during a period
when each of the selection signals S1 to S4 becomes 1n the
active state, as shown in FIG. §; while, when switching the
frame frequency from 120 Hz to 240 Hz, select a method fo
driving the selection signals which does not allow any
occurrence ol an overlapping period during a period when
cach of the selection signals S1 to S4 becomes 1n the active
state, as shown 1n FIG. 4.

According to this embodiment, in the case where a
luminance level 1 a room 1s determined to be smaller than
a predetermined value, the luminance level of the light
source 70 1s reduced, and further, the frame frequency 1s set
to 120 Hz. In this case, each of the selection signals S1 to S4
1s driven such that a period during which the each of the
selection signals S1 to S4 1s 1n the active state i1s not
overlapped by a period during which any other one of the
selection signals S1 to S4 1s in the active state, and thus,
relevant pixels corresponding to selected ones of the signal
lines 14, which are temporally subsequently supplied with
their respective corresponding i1mage signals, are not
allected by the electric potentials of pixels corresponding to
other ones of the signal lines 14, which are temporally
previously supplied with their respective corresponding
image signals, so that a high-quality display 1s achieved.

Meanwhile, in the case where the luminance level 1n a
room 1s determined to be larger than or equal to the
predetermined value, the luminance of the light source 70 1s
increased, and further, the frame frequency 1s set to 240 Hz.
In this case, a period during which one of the signal lines 14
1s selected 1s made longer than 1n the case of existing
methods, and the selection signals are driven such that an
overlapping period in which two or more ones of the signal
lines 14 are simultaneously selected 1s provided, and thus,
even when the frame frequency 1s made 240 Hz which 1s
double the 120 Hz, 1t 1s possible to sufliciently ensure a
pertod of time during which a pixel 1s supplied with a
corresponding 1mage signal, without providing any addi-
tional data line driving circuit. As a result, in the electro-
optic panel 100, it 1s possible to improve the quality of a
displayed image.

Third Embodiment

In the first embodiment, there has been described an
example in which each of the scanning signals G[1],
GJ2], ..., and G|n] 1s caused to be 1n the active state at the
timing point t0 slightly before the timing point t1 when the
pre-charge signal 1s applied. In this embodiment, however,
as shown 1n FIG. 7, when the pre-charge signal 1s applied,
cach of the scanning signals GJ[1], G[2], . . . , and G|n]
remains in the non-active state, and becomes in the active
state at a timing point t0' slightly before the timing point t3
when a first one of the selection signals 1s caused to be 1n the
active state.

The purpose of applying the pre-charge signal 1s to
suppress display unevenness due to the influence of leaks
onto a relevant one of the signal lines 14 from pixel
transistors each in an OFF state, and thus, even when each
of the scanning signals G[1], G[2], . . ., and G|n] 1s caused
to be 1 the OFF state at the time of applying the pre-charge
signal, 1t 1s possible to suppress the leaks from the pixel
transistors.




US 9,460,678 B2

15

In this embodiment, since, after each of the scanning
signals G[1], G[2], . .., and G[n] 1s caused to be 1n the active
state at the timing point t0', the length of a period during
which one of the signal lines 14 1s selected 1s made longer
than i1n the case of existing methods, and further, the
selection signals are driven such that an overlapping period
in which two or more ones of the signal lines 14 are
simultaneously selected 1s provided, even when the resolu-
tion of the electro-optic panel 100 1s made high, 1t 1s possible
to suthciently ensure a period of time during which a pixel
voltage 1s applied to a corresponding pixel without addi-
tionally providing a data line driving circuit. As a result, in
the electro-optic panel 100, 1t 1s possible to 1mprove the
quality of a displayed image.

Fourth Embodiment

In the first embodiment, there has been described an
example 1n which the selection signals S1, 82, S3 and S4 are
caused to be 1n the active state for the purpose of applying
the pre-charge signal, and then, after the selection signal S1
1s caused to be 1n the non-active state once, the selection
signal S1 1s caused to be in the active state at the timing point
t3 for the purpose of applying 1image signals. In this embodi-
ment, as shown 1n FIG. 8, the selection signals S1, S2, S3
and S4 are caused to be 1n the active state for the purpose of
applying the pre-charge signal, and then, under the state
where the active state of the selection signal S1 continues as
it 1s, the selection signal 1s caused to be 1n the non-active
state at a timing point t3.

According to this embodiment, since the active state of
the selection signal S1 continues from the beginning of the
applying the pre-charge signal until the completion of select-
ing the selection signal S1 to be selected first, and thus, the
length of a period T5' during which the selection signal S1
becomes 1n the active state 1s longer than 1n the case of the
first embodiment. As a result, 1t becomes possible to apply
the pre-charge signal with certainty, and further, sufliciently
ensure a period of time during which a pixel voltage 1s
applied to a corresponding pixel, so that it becomes possible
to improve the quality of a displayed image 1n the electro-
optic panel 100.

Modification Example

The invention 1s not limited to the aforementioned
embodiments, and can be subjected to various modifications,
such as modifications described below. Further, naturally,
the features of the aforementioned embodiments and the
features ol modification examples described below may be
appropriately combined with one another.

(1) In each of the aforementioned embodiments, there has
been described an example in which, first, the selection
signal S1 1s caused to be in the active state, and then, the
selection signals S2, S3 and S4 are sequentially caused to be
in the active state in this order, but the invention 1s not
limited this example. For example, as shown in FIG. 9, first,
the selection signal S4 may be in the active state, and then,
the selection signals S1, S2 and S3 may be sequentially
caused to be 1n the active state in this order. In this case, an
overlapping period between the selection signal S4 and the
selection signal S1 becomes 16, an overlapping period
between the selection signal S1 and the selection signal S2
becomes T8, and an overlapping period between the selec-
tion signal S2 and the selection signal S3 becomes T10. In
such a configuration as described above, 1t 1s also possible
to make a period during which one of the signal lines 14 1s
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selected longer than 1n existing methods, and further, it 1s
possible to drive the selection signals so as to provide
overlapping periods 1n each of which two or more ones of
the signal lines 14 are simultaneously selected. In addition,
cach of the selection signals may be caused to be in the
active state 1n any order as needed.

Further, order in which each of the selection signals 1s
caused to be 1n the active state may be changed at intervals
of one 1H period, or may be changed at intervals of one 1V
period. Further, a combination which allows the order to
change at intervals of one 1H period and, concurrently
therewith, change at intervals of one 1V period may be

employed. An example of the order change in this case 1s
such that: S1, S2, S3 and S4 1n a 1st 1H period; S2, S3, S4

and S1 1n a 2nd 1H penod; S3, S4, S1 and S2 1 a 3rd 1H
period; and S4, S1, S2 and S3 1n a 4th 1H period, these
changes being repeated 1n each of subsequent horizontal
scanning periods including a 5th 1H period.

Further, in each of the aforementioned embodiments,
there has been described an example 1n which the N signal
lines 14 are sectioned 1nto the J wiring blocks B[1] to B[J]
for every mutually adjacent four ones of the signal lines 14,
but each of the wiring blocks may not be composed of the
mutually adjacent four ones of the signal lines 14, and may
be composed of, for example, mutually adjacent two, three,
five, six, seven, eight, . . . , or n ones of the signal lines (n
being a natural number).

Further, 1n each of the alorementioned embodiments,
there has been described an example 1n which the frame
frequency 1s equal to the horizontal scanming frequency, but
in the case where a sub-field driving operation for, 1n each
of a plurality of sub-fields, performing a display with a
corresponding gray-scale level, or the like, 1s performed, the
frame frequency becomes lower than the horizontal scan-
ning irequency.

Further, order in which each of the selection signals 1s
caused to be 1n the active state may be changed at intervals
of one horizontal scanning period, or may be changed at
intervals of one vertical scanning period. Further, a combi-
nation which allows the order to change at intervals of one
horizontal scanning period and, concurrently therewith,
change at 1ntervals of one vertical scanning period may be
employed. An example of the order change 1s as follows.
That 1s, the selection signals are caused to be in the active
state 1n order of the selection signals, such as S1, S2, S3 and
S4 1n a first horizontal scanning period; S2, S3, S4 and S1
in a second horizontal scanning period; S3, S4, S1 and S2 1n
a third horizontal scanning period; and S4, S1, S2 and S3 1n
a fourth horizontal scanning period, and these changes of
order are repeated in each of subsequent horizontal scanning
periods including a fifth horizontal scanning period.

(2) In each of the aforementioned embodiments, there has
been described an example in which the N signal lines 14 are
sectioned into the J wiring blocks B[1] to B[IJ] for every
mutually adjacent four ones of the signal lines 14, but each
of the wiring blocks may not be composed of the mutually
adjacent four ones of the signal lines 14, and may be
composed of, for example, mutually adjacent two, three,
five, si1x, seven, eight, . . ., or n ones of the signal lines (n
being a natural number).

(3) In each of the aforementioned embodiments, liquid
crystal have been given as an example of an electro-optic
material, but the mvention can be applied to any electro-
optic device employing an electro-optic material other than
the liquid crystal. This electro-optic material 1s a material
whose optic characteristics, such as transmittance and lumi-
nance, vary in response to the supply of an electric signal (an
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clectric-current signal or a voltage signal). The mnvention can
be applied to, 1n the same ways as having been described in
the aforementioned embodiments, various electro-optic
devices, such as a display panel employing a light emitting
clement, such as an organic electroluminescent (EL) ele-
ment, an morganic EL element or a light emitting polymer
clement; an electrophoretic display panel employing, as
clectro-optic materials, microcapsules each containing col-
ored liquid and white-color particles dispersed 1n the liquid;
a twist-ball display panel employing, as electro-optic mate-
rials, twist balls each being applied to one of colors which
are different i accordance with regions among which
polarities are mutually different; a black-color toner display
panel employing black-color toner as an electro-optic mate-
rial; and a plasma display panel employing, as an electro-
optic material, high-pressure gas, such as helium or neon.

Application Example

The invention can be utilized 1n various electronic
devices. In FIGS. 10 to 12, specific embodiments of elec-
tronic devices targeted for the application of the mvention
are exemplified.

FIG. 10 1s a perspective view of a portable personal
computer employing an electro-optic device. A personal
computer 2000 1ncludes an electro-optic device 1 for dis-
playing various images and a body portion 2010 provided
with a power switch 2001 and a keyboard 2002.

FIG. 11 1s a perspective view of a mobile telephone. A
mobile telephone 3000 includes a plurality of operation
buttons 3001, a plurality of scroll buttons 3002 and an
clectro-optic device 1 for displaying various images. A
screen displayed on the electro-optic device 1 1s scrolled by
operating any one of the scroll buttons 3002. The invention
can be also applied to such a mobile telephone.

FI1G. 12 1s a schematic diagram 1llustrating a configuration
ol a projection type display device (three-plate type projec-
tor) 4000 employing an electro-optic device. This projection
type display device 4000 includes three electro-optic devices
1 (1R, 1G and 1B) each associated with a corresponding one
of mutually different display colors R, G and B. An 1llumi-
nation optical system 4001 supplies a red-color element r, a
green-color element g and a blue-color element b, which are
included 1n a light ray irradiated from an illumination device
(light source) 4002, to an electro-optic device 1R, an electro-
optic device 1G and an electro-optic device 1B, respectively.
Each of the electro-optic devices 1 functions as a light
modulator (a light valve) for modulating a corresponding
single-color light ray supplied from the i1llumination optical
system 4001. A projection optical system 4003 combines
light rays each irradiated from a corresponding one of the
clectro-optic devices 1, and projects a resultant light ray to
a projection face 4004. The invention can be also applied to
such a liqud crystal projector.

In addition, electronic devices to which some aspects of
the invention are applied include, besides the devices exem-
plified mn FIG. 1 and FIGS. 10 to 12, a personal digital
assistant (PDA), a digital still camera, a television set, a
video camera, a car navigation device, an mn-vehicle indi-
cator (an instrument panel), an electronic diagram, elec-
tronic paper, an electronic calculator, a word processor, a
work station, a video telephone, a POS terminal, a printer, a
scanner, a copying machine, a video player, a device pro-
vided with a touch panel, and the like.
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This application claims priority to Japan Patent Applica-
tion No. 2013-217077 filed Oct. 18, 2013, the entire disclo-
sures of which are hereby incorporated by reference 1n their
entireties.

What 1s claimed 1s:

1. An electro-optic device comprising:

a plurality of scanning lines;

a plurality of signal lines;

a plurality of pixels each provided so as to correspond to
one of intersections of the plurality of scanning lines
and the plurality of signal lines;

a scanning line driving portion configured to perform
scanning line driving operations each for selecting at
least one of the scanning lines at a corresponding
timing point 1 accordance with a vertical scanning
frequency;

a signal line driving portion configured to supply the
pixels, via the signal lines, with 1image signals each
including at least time-division multiplexed data volt-
ages each having a magnitude equivalent to a gray-
scale level with which display 1s to be performed;

a signal line selection portion configured to perform
signal selection operations in accordance with a control
signal, each for selecting at least one signal line which
1s included in the signal lines, and through each of
which a corresponding one of the image signals is
supplied; and

a controller that performs control so as to cause the
vertical scanning frequency to be switched to any one
of a first frequency and a second frequency which 1is
higher than the first frequency,

wherein the controller 1s configured to, 1n a state subse-
quent to switching of the vertical scanning frequency to
the first frequency, output the control signal so as to,
after an end of a first selection period for selecting at
least one of the signal lines, cause any other at least one
of the signal lines to be selected, and, in a state
subsequent to switching of the vertical scanning fre-
quency to the second frequency, output the control
signal so as to, during a second selection period for
selecting at least one of the signal lines, cause any other
at least one of the signal lines to be selected, and
thereby cause an overlapping period to arise during part
of the second selection period for selecting at least one
of the signal lines.

2. The electro-optic device according to claim 1, wherein
the signal line driving portion 1s configured to, at intervals
of one vertical scanning period, reverse a polarity of each of
the 1mage signals relative to a reference electric potential
value for the pixels.

3. The electro-optic device according to claim 1, wherein
the signal line driving portion 1s configured to, under control
from the controller, be switched to any one of a three-
dimensional view image driving operation, in which the
image signals for a right-eye image and the 1image signals for
a left-eye 1mage are alternately supplied at intervals of a
display period, and a two-dimensional view 1image driving
operation, 1n which the image signals for images common to
a right eye and a leit eye are supplied, and the controller 1s
configured to, when causing the signal line driving portion
to be switched to the two-dimensional view 1mage driving
operation, perform control so as to cause the vertical scan-
ning frequency to be switched to the first frequency, and
when causing the signal line driving portion to be switched
to the three-dimensional view image driving operation,
perform control so as to cause the vertical scanning fre-
quency to be switched to the second frequency.
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4. The electro-optic device according to claim 1, further
comprising:

a light source that 1s luminance-adjusted to at least a first
luminance level and a second luminance level which 1s
higher than the first luminance level; and

a luminance detector that detects a luminance level under
an 1nstallation environment where the electro-optic
device according to claim 1 1s installed,

wherein, in the case where a luminance level under the
installation environment, which 1s detected by the
luminance detector, 1s lower than a third luminance
level which 1s a reference level, the controller performs
control so as to cause a luminance level of the light
source to be switched to the first luminance level and
cause the vertical scanning frequency to be switched to
the first frequency, and in the case where the luminance
level under the installation environment, which 1s
detected by the luminance detector, 1s higher than or
equal to the third luminance level, the controller per-

forms control so as to cause a luminance level of the

light source to be switched to the second luminance

level and cause the vertical scanning frequency to be
switched to the second frequency.

5. The electro-optic device according to claim 1, wherein
the signal line driving portion i1s configured to, at least
during a pre-charge period prior to operations for supplying
the data voltages to the pixels, supply a pre-charge voltage
such that the pre-charge voltage 1s supplied via at least one
ol the signal lines which 1s to be selected, and the controller
1s configured to, during the pre-charge period, output the
control signal so as to cause all the signal lines to be
selected.

6. The electro-optic device according to claim 5, wherein
the scanning line driving portion 1s configured to, during the
pre-charge period, supply each of the scanning lines with a
scanning signal which causes corresponding ones of switch-
ing clements to be 1n an on-state.

7. The electro-optic device according to claim 5, wherein
the controller 1s configured to output the control signal so as
to, during an overall period from a beginning of the pre-
charge period until an end of a selection period for firstly
selecting at least one of the signal lines within one horizontal
scanning period, cause the firstly selected at least one of the
signal lines to be selected.

8. The electro-optic device according to claim 1, wherein
the signal line selection portion i1s configured to, when
needed, change order of the operations each for selecting at
least one of the signal lines 1n accordance with the control
signal.

9. A control method for an electro-optic device provided
with a plurality of scanning lines, a plurality of signal lines
and a plurality of pixels each provided so as to correspond

10

15

20

25

30

35

40

45

50

20

to one ol intersections of the plurality of scanning lines and
the plurality of signal lines, the control method comprising;
performing scanning line driving operations each for
selecting at least one of the scanning lines at a corre-
sponding timing point in accordance with a vertical
scanning {requency;
supplying the pixels, via the signal lines, with 1image
signals each including at least time-division multi-
plexed data voltages each having a magnitude equiva-
lent to a gray-scale level with which display 1s to be
performed;
performing signal line selection operations 1n accordance
with a control signal, each for selecting at least one
signal line which 1s included 1n the signal lines, and
through each of which a corresponding one of the
image signals 1s supplied; and
performing control so as to cause the vertical scanning
frequency to be switched to any one of a first frequency
and a second frequency which 1s higher than the first
frequency,
wherein, 1n a state subsequent to switching of the vertical
scanning frequency to the first frequency, the control
signal 1s outputted so as to, after an end of a first
selection period for selecting at least one of the signal
lines, cause any other at least one of the signal lines to
be selected, and, 1n a state subsequent to switching of
the vertical scanning frequency to the second ire-
quency, the control signal 1s outputted so as to, during
a second selection period for selecting at least one of
the signal lines, cause any other at least one of the
signal lines to be selected, and thereby cause an over-
lapping period to arise during part of the second
selection period for selecting at least one of the signal
lines.
10. An electronic device comprising the electro-optic
device according to claim 1.
11. An electronic device
device according to claim 2.
12. An electronic device
device according to claim 3.
13. An electronic device
device according to claim 4.
14. An electronic device
device according to claim 5.
15. An electronic device
device according to claim 6.
16. An eclectronic device
device according to claim 7.
17. An electronic device
device according to claim 8.

the

comprising, clectro-optic

the

comprising clectro-optic

the

comprising clectro-optic

the

comprising clectro-optic

the

comprising clectro-optic

the

comprising clectro-optic

the

comprising clectro-optic

G o e = x



	Front Page
	Drawings
	Specification
	Claims

